Rationale The SSRI antidepressant fluoxetine is one of the few drugs that is effective at treating depression in adolescent humans. In contrast, the SSRI paroxetine has limited efficacy and is more at risk for inducing suicidal behavior. Objective The purpose of the present study was to more fully characterize the differential actions of paroxetine and fluoxetine. Methods In experiment 1, male and female rats were injected with paroxetine (2.5 or 10 mg/kg), fluoxetine (10 mg/kg), or vehicle for 10 days starting on postnatal day (PD) 35, and affective behaviors were assessed using sucrose preference and elevated plus maze tasks. A separate set of rats were used to examine monoamine levels. In experiment 2, rats were injected with paroxetine (2.5, 5, or 10 mg/kg), fluoxetine (5, 10, or 20 mg/kg), or vehicle during the same time frame as experiment 1, and anxiety-like behaviors were measured using elevated plus maze, light/dark box, and acoustic startle. Results Repeated SSRI treatment failed to alter sucrose preference, although both paroxetine and fluoxetine reduced time spent in the open arms of the elevated plus maze and light compartment of the light/dark box. Paroxetine, but not fluoxetine, enhanced acoustic startle and interfered with habituation. Serotonin turnover was decreased by both acute and repeated fluoxetine treatment but unaltered by paroxetine administration.
Introduction
Major depressive disorder is one of the most commonly diagnosed psychiatric syndromes in the USA, with an estimated 12-month prevalence rate of 6.9 % and a lifetime prevalence of 16.2 % (SAMHSA 2013; Hirschfeld 2014; Velehorschi et al. 2014) . Moreover, one in five adults will experience a depressive episode during their lifetime (Kessler et al. 2003; Hirschfeld 2012) . Depression is evident in younger populations as well, since the prevalence rate for adolescents is approximately 4 to 9.5 % (Reinecke et al. 2009; Wagner et al. 2014) . Both adults and adolescents can be debilitated by this disorder, because major depression impairs normal social interactions and decreases the ability to function in work or academic settings (Kessler et al. 2003; Richards 2011) . Major depression also enhances the risk of suicide in adult and pediatric populations (Sher et al. 2010) . Although major depression is more prevalent in adults, suicidal behaviors are more common in adolescents (Gvion and Apter 2012) .
Given the prevalence and severity of major depressive disorder, it is not surprising that antidepressants are the most frequently prescribed medication in the USA for 18-to 44-year-olds, with one in ten people over the age of 12 using these drugs (Pratt et al. 2011 ). For adults, there is a large and diverse group of effective medications available for the treatment of depression (Gartlehner et al. 2011; Hirschfeld 2012) , although the selective serotonin reuptake inhibitors (SSRIs) have become predominate over the last few decades (Pratt et al. 2011) . The popularity of SSRIs stems from their safety and side-effect profiles, as well as their effectiveness at reducing symptoms of depression and anxiety (Cipriani et al. 2009 ).
In contrast to the multiple pharmacotherapies available for adult populations, only fluoxetine, an SSRI, has proven effective at treating depression in children and adolescents (Mann et al. 2006; Lovrin 2009; Masi et al. 2010; Hetrick et al. 2012) . Another treatment complication affecting pediatric populations is that many antidepressants, including the SSRIs, increase suicidal ideation and behavior in adolescents and young adults Tiihonen et al. 2006; Lovrin 2009; Valluri et al. 2010) . When compared to other SSRIs, fluoxetine is less likely to induce suicidal ideation, whereas paroxetine is particularly prone to triggering suicidal behavior in adolescents (Tiihonen et al. 2006) . As a consequence, the FDA, in 2003, recommended that paroxetine not be used with pediatric populations (Valluri et al. 2010) .
The reason why fluoxetine and paroxetine differentially affect clinical efficacy and suicidal behavior of pediatric populations is not clear, especially since both compounds have similar mechanisms of action (i.e., they selectively block the serotonin transporter). Therefore, the goal of the present study was to assess the effects of repeated fluoxetine and paroxetine treatment on the depressive-and anxiety-like behaviors of male and female adolescent rats. To this end, we used the elevated plus maze, light/dark box and acoustic startle to measure anxiety-like behavior, while sucrose preference was used to measure anhedonia (an important component of clinical depression). Both sexes were tested in the present study because major depression is more prevalent in human females than males (Piccinelli and Wilkinson 2000; Parker and Brotchie 2010; Hirschfeld 2012 ). In addition, we measured neuronal monoamine activity after adolescent SSRI exposure, since changes in serotonin utilization are associated with the beneficial effects of repeated SSRI treatment (Mikail et al. 2012; Nagano et al. 2012; Shishkina et al. 2012 ).
Material and methods

Subjects
A total of 877 male and female rats of Sprague Dawley descent (Charles River Laboratories, Wilmington, MA), born and raised at California State University, San Bernardino (CSUSB), were used. Litters were culled to 10 pups on postnatal day (PD) 3 and housed with the dam until PD 25. After weaning, rats were housed (4-6 rats per cage) with same-sex littermates. Rats in the behavioral experiment were singlehoused for the duration of the sucrose preference test. All animals were treated according to the BGuide for the Care and Use of Mammals in Neuroscience and Behavioral Research^(National Research Council 2010) under a research protocol approved by the Institutional Animal Care and Use Committee of CSUSB.
Drugs
Fluoxetine hydrochloride and paroxetine hydrochloride were obtained from Toronto Research Chemicals (Toronto, Canada). Both fluoxetine and paroxetine were dissolved in a 50 % dimethyl sulfoxide (DMSO)/water solution and injected interperitoneally (IP) at a volume of 1 ml/kg.
Apparatus
The plus maze was made of black plastic and was elevated 50 cm above the floor (San Diego Instruments, San Diego, CA). The apparatus consisted of four arms, 50-cm long and 10-cm wide aligned perpendicularly. Two arms were enclosed by 30-cm high walls, and the other two arms were exposed. The exposed or Bopen^arms had a 0.9-cm lip to help prevent rats from falling. The maze was placed in the center of a quiet, dimly lit room, with a digital video camera located above the maze. Acoustic startle response testing was conducted using the Coulbourn Animal Acoustic Startle System (Coulbourn Instruments, Whitehall, PA), which consisted of a weightsensitive platform inside a sound-attenuating chamber. A ventilating fan built into the chamber provided background noise. The light/dark box consisted of a dark plastic box (20 × 20 × 40 cm), with a small transition door, that was fitted inside a clear Plexiglas photobeam chamber (40×40×40 cm, Coulbourn Instruments).
Procedures
Experiment 1: acute and repeated effects of fluoxetine and paroxetine on body weight, sucrose preference, elevated plus maze performance, and monoamine content On PD 31, rats (n=10-11 per group) began training on the sucrose preference task using a two-bottle choice test. On the first day, rats were singly housed and habituated to drinking water from two bottles. On the next three days (PD 32-34), one of the water bottles was replaced with a bottle containing a 2 % sucrose solution. The bottles were weighed and refilled each day, and the position of the bottles was switched daily to avoid position preferences. Rats in the repeated condition were returned to group housing where they were injected with paroxetine (2.5 or 10 mg/kg), fluoxetine (10 mg/kg), or vehicle once daily from PD 35 to PD 44, whereas rats in the acute condition were group housed and injected with vehicle once daily from PD 35 to PD 43, and paroxetine (2.5 or 10 mg/kg), fluoxetine (10 mg/kg), or vehicle on PD 44. After the last drug injection, rats were returned to individual housing, and a final sucrose test occurred 24 h later (i.e., on PD 45). Sucrose preference was defined using the following formula: [(weight of sucrose ingested)/ (weight of water ingested+weight of sucrose ingested)×100]. A change in sucrose preference after SSRI treatment was assessed by calculating difference scores (i.e., the average of the three baseline preference scores minus the final preference score). Immediately following the sucrose test, rats were individually brought to a separate testing room and placed in the center of the elevated plus maze facing an open arm. Rats were left on the maze for 5 min. Time spent in the open and closed arms, as well as the center area, were scored from the videotapes. Entry into an open or closed arm was defined as all four paws crossing the threshold, whereas entry into the center of the maze was defined as two paws crossing the threshold. Separate groups of rats (n=10-11 per group) were used to assess preference for lower concentrations of sucrose (0.25 or 0.5 %). Procedures were the same as described above.
A separate set of rats was used to assess the effects of repeated and acute SSRI treatment on various monoamine neurotransmitters and metabolites. Rats were killed 24 h after the last drug treatment and their hippocampus and prefrontal cortex removed and frozen. Frozen tissue samples were sonicated in 5 volumes of 0.1 N HClO 4 and centrifuged at 20, 000×g for 30 min at 4°C. The supernatant was filtered through a 0.22-mm centrifugation unit at 2000×g for 5 min at 4°C. Twenty microliters of the resulting extracts were then assayed for norepinephrine, serotonin, and the serotonin metabolite 5-hydroxyindoleacetic acid (5-HIAA) using highperformance liquid chromatography with electrochemical detection (MD-150 column and Coulochem II detector; ESA, Chelmsford, MA). The mobile phase consisted of 75 mM NaH 2 PO 4 , 1.4 mM 1-octane sulfonic acid, 10 mM EDTA, and 7 % acetonitrile [(pH 3.1) MD-TM Mobile Phase; ESA] and was pumped at a rate of 0.5 ml/min. The turnover rate of serotonin (5-HIAA/5-HT) was computed to assess serotonin utilization.
Experiment 2: dose-and task-dependent differences in the effects of fluoxetine and paroxetine on elevated plus maze, light/dark box, and acoustic startle performance Rats (n=9-11 per group) received paroxetine (2.5, 5, or 10 mg/kg), fluoxetine (5, 10, or 20 mg/kg), or vehicle once daily from PD 35 to PD 44. On the following day (PD 45), rats were tested on an elevated plus maze, light/dark box, or in an acoustic startle chamber. Elevated plus maze performance was assessed using the same procedures as in experiment 1, with the exception that videotapes were also scored for head dips. Rats tested in the light/dark box were individually placed in the light compartment to begin the 10-min test session. Time spent in each compartment and the frequency of transitions into the light compartment were measured. Rats in the acoustic startle/prepulse inhibition (PPI) experiment were placed into the testing chamber for a 5-min acclimation period prior to the delivery of any stimulus. The session was conducted using a 70-dB white noise background. On the first and last six trials of the session, a startling stimulus [50 dB above background (or 120 dB), 40 ms] was presented alone. The middle 32 trials were presented in a pseudorandom order and included 12 stimulus-alone trials (used to calculate % PPI and average startle amplitude) and 12 prepulse trials in which a prepulse stimulus (20 ms) preceded the startling stimulus by 100 ms. The prepulse stimuli were 3, 6, 12, 15, or 18 dB above background. Additionally, there were eight trials in which no stimulus was presented. The intertrial interval was 20 s. Startle amplitude during the 12 stimulus-alone trials was averaged and was used in the analysis of prepulse inhibition. Percent prepulse inhibition was calculated as 100×(average startle amplitude on the prepulse trials/average startle amplitude on the stimulus-alone trials). Percent habituation was calculated as 100×(average startle amplitude on the last six startle-alone trials/average startle amplitude on the first six startle-alone trials).
Data analysis
Body weights during the injection phase were analyzed using a pretreatment condition×sex×day repeated measures ANOVA. When the assumption of sphericity was violated, as determined by Mauchly's test of sphericity, the Greenhouse-Geisser epsilon statistic was used to adjust degrees of freedom (Geisser and Greenhouse 1958) . Corrected degrees of freedom were rounded to the nearest whole number. Data from the sucrose preference task, elevated plus maze, and monoamine assays were analyzed using pretreatment × sex ANOVAs. For the monoamine assays, separate statistical analyses were conducted for the two brain regions (hippocampus and prefrontal cortex). For experiment 2, paroxetine and fluoxetine data were analyzed by separate ANOVAs. Dunnett post hoc tests were used to compare differences between the drug and vehicle groups, while all other pairwise comparisons were computed using the Benjamini-Hochberg correction for False Discovery Rate (FDR). For all statistical tests, the significance level was set at P<0.05. To control for litter effects, no more than one subject per litter was assigned to a particular group. In situations where this was not possible, a single litter mean was calculated from multiple littermates assigned to the same group (Holson and Pearce 1992; Zorrilla 1997) .
Results
Experiment 1: acute and repeated effects of fluoxetine and paroxetine on sucrose preference, elevated plus maze performance, and monoamine content
Body weight
During the injection period (i.e., PD 35-44), male and female rats exhibited a progressive increase in body weight, with male rats weighing more than females on each day (Fig. 1) [day main effect, F 4,565 =1768.50, P<0.001; day×sex interaction, F 4,565 =130.46, P<0.001]. The increase in body weight was altered by SSRI treatment [day×drug×sex interaction, F 12,565 =4.21, P<0.001]. Relative to vehicle controls, fluoxetine (10 mg/kg) reduced the body weights of female rats on PD 39, PD 40, and PD 42-44, while decreasing the body weights of male rats on PD 40-44 (Dunnett tests, P<0.05). Paroxetine (10 mg/kg) also reduced the body weights of male rats on PD 41-44 but did not significantly affect the weights of female rats. The lower dose of paroxetine (2.5 mg/kg) did not alter body weights of male or female rats. Acutely administering paroxetine (2.5 or 10 mg/kg) or fluoxetine (10 mg/kg) on PD 44 also did not affect body weights (data not shown).
Sucrose consumption and preference
Acute treatment with fluoxetine decreased both sucrose consumption and preference for a 2 % sucrose solution on the test day [drug main effect, F 3,85 =6.13, P<0.001; F 3,85 =2.91, P<0.05; respectively; FDR (corrected P<0.017)] (Table 1) . Acute paroxetine administration did not alter either sucrose measures. In addition, male rats consumed greater amounts of sucrose and had larger preferences than female rats [sex main effect, F 1,85 =4.79, P<0.05; F 1,85 =6.25, P<0.05; respectively]. When given repeatedly, exposure to paroxetine or fluoxetine did not alter preference for a 2 % sucrose solution (Table 2 ). This was the case regardless of whether sucrose preference data were analyzed as absolute values or as difference scores (i.e., test day values relative to baseline). There Significant difference between vehicle-and 10 mg/kg paroxetine-treated rats of the same sex were also no sex-or drug-dependent differences in 2 % sucrose consumption. Rats tested with lower concentrations of sucrose also failed to show a drug-dependent difference in sucrose preference (data not shown). However, rats given the 0.5 % sucrose solution consumed more sucrose (M=58.35 g, SEM±4.06) and had a greater preference (M=84.98 %, SEM±2.7) than rats given the 0. 
Elevated plus maze
Acute administration of paroxetine and fluoxetine did not alter behavior on the elevated plus maze (data not shown). However, female rats (M=51.19 %, SEM±1.5) spent more time in the open arms of the elevated plus maze than similarly treated male rats (M=43.94 %, SEM±2.5) [sex main effect, F 3,88 =6.51, P<0.05]. Repeated exposure to a moderate dose of paroxetine increased the anxiety of male and female rats, because rats treated with 10 mg/kg paroxetine spent less time in the open arms of the elevated plus maze than rats treated with vehicle or 2.5 mg/kg paroxetine (Fig. 2) [drug main effect, F 3,90 = 4.33, P < 0.01; FDR (corrected P < 0.017)]. Fluoxetine did not affect time spent in the open arms of the elevated plus maze.
Monoamine content
Treating rats repeatedly with paroxetine (10 mg/kg) on PD 35-44 reduced hippocampal serotonin levels, but not norepinephrine levels, when measured on PD 45 (Table 3) In the prefrontal cortex, serotonin levels were reduced after repeated treatment with either paroxetine (10 mg/kg) or fluoxetine (10 mg/kg) (Table 4) [drug main effect, F 3,48 =7.82, P<0.001; Dunnett tests, P<0.05]. In contrast, there was a trend for norepinephrine levels in the prefrontal cortex to be elevated after repeated fluoxetine treatment, but this slight elevation was only evident in male rats [drug×sex interaction, F 3,48 =3.54, P<0.05; FDR (corrected P<0.008; comparison was not significant)]. Paroxetine treatment did not increase norepinephrine levels in the prefrontal cortex. Similar to what was observed in the hippocampus, 5-HIAA content and serotonin turnover in the prefrontal cortex were reduced by Acute treatment with paroxetine and fluoxetine produced a different pattern of results than did repeated treatment (Tables 5 and 6 ). Most notably, neither compound significantly altered serotonin, 5-HIAA, or norepinephrine levels in the hippocampus or prefrontal cortex, although 10 mg/kg paroxetine marginally enhanced norepinephrine levels in the latter brain region [drug main effect, F 3,56 = 2.56, P = 0.06]. Interestingly, acute treatment with fluoxetine, but not paroxetine, decreased serotonin turnover in the hippocampus (Table 4) [drug main effect, F 3,56 =4.97; P<0.05; Dunnett tests, P<0.05]. A similar effect was observed after repeated fluoxetine treatment.
Experiment 2: dose-and task-dependent differences in the effects of fluoxetine and paroxetine on elevated plus maze, light/dark box, and acoustic startle performance
Body weight
In both the fluoxetine and paroxetine experiments, the body weights of male and female rats increased progressively across days, with male rats weighing more than females on each day (Fig. 3) Paroxetine (10 mg/kg) reduced the body weights of male rats on PD 41-44 but did not significantly affect the weights of female rats. Lower doses of paroxetine (2.5 and 5 mg/kg) and fluoxetine (5 mg/kg) did not alter body weights of male or female rats. The highest dose of fluoxetine (20 mg/kg) decreased the body weight of females rats on PD 36-PD 44 and male rats on PD 37-PD 44 (Dunnett tests, P<0.05). In contrast to experiment 1, 10 mg/kg fluoxetine produced a sexdependent effect, because male rats exhibited lower body weights on PD 40-44 while female rats did not show a significant change in body weight (Dunnett tests, P<0.05). 
Acoustic startle
Regardless of drug treatment, startle magnitude was greater in male rats than female rats (see Fig. 6 Startle habituation also differed according to sex. Specifically, male rats treated with fluoxetine exhibited less habituation from block 1 to block 2 (i.e., they had greater percent habituation scores) than female rats [sex main effect, F 1,73 = 12.11, P<0.01]. In the paroxetine experiment, vehicle-treated male rats had greater percent habituation scores than similarly treated female rats [sex×drug interaction, F 3,79 =6.10, P<0.001; FDR (corrected P<0.012)]. Repeated treatment with 2.5 mg/kg paroxetine increased startle habituation, but only in female rats (FDR, corrected P<0.025). Interestingly, male rats displayed a decrease in startle habituation after 10 mg/kg paroxetine treatment (FDR, corrected P<0.025). Neither sex nor SSRI treatment altered PPI scores (data not shown).
Discussion
In adolescent humans, the antidepressants fluoxetine and paroxetine differ in their clinical efficacy and risk of suicidal ideation, with a preponderance of evidence showing that fluoxetine is an effective treatment for pediatric populations, while the efficacy and safety of paroxetine is in question (Tiihonen et al. 2006; Masi et al. 2010; Valluri et al. 2010; Hetrick et al. 2012) . The reason for the decreased treatment efficacy and increased risk for suicidal behavior in pediatric populations is unknown, but the present study suggests that the two SSRIs differ in their ability to affect certain anxietylike behaviors and serotonin metabolism. Specifically, we found that both repeated paroxetine (5 and 10 mg/kg) and fluoxetine (20 mg/kg) treatment decreased time spent in the open arms of the elevated plus maze and the light side of the light/dark box, but only paroxetine (2.5 mg/kg) enhanced acoustic startle magnitude and altered habituation to acoustic startle. In addition, paroxetine treatment significantly reduced serotonin content in the prefrontal cortex and hippocampus, but did not alter serotonin turnover in either brain area. In contrast, repeated fluoxetine treatment reduced serotonin content in the prefrontal cortex, and decreased serotonin turnover in the prefrontal cortex and hippocampus. Sucrose preference is an often used measure of anhedonia, and the ability of a drug to enhance sucrose preference is indicative of antidepressant actions (Strekalova et al. 2011) . In the present study, preference for a 0.125-2 % sucrose solution was not affected by repeated fluoxetine or paroxetine treatment, since the sucrose consumption of SSRI-treated rats did not differ from vehicle-treated rats or from baseline preference scores. In a previous investigation, chronically (e.g., 15 days) treating adolescent male rats with fluoxetine (10 mg/kg) caused a small, but significant, increase in the preference for a low concentration (0.25 %) of sucrose when tested 24 h after the last drug treatment (Iñiguez et al. 2010) . It is unclear what accounts for the discrepancy in results, but it is possible that procedural differences (i.e., number and frequency of drug administration) were the cause. In any case, there was no evidence in the present study that administering fluoxetine or paroxetine during adolescence causes anhedonia after a 24-h washout period.
In contrast to our measure of anhedonia, the anxiety-like behaviors of male and female rats, as measured by performance on the elevated plus maze and the light/dark box, was altered by SSRI treatment. Specifically, treatment with paroxetine (10 mg/kg) or fluoxetine (20 mg/kg) increased anxietylike behavior on the elevated plus maze (i.e., rats spent less time in the open arms). Acute exposure to paroxetine or ). In contrast, repeatedly administering fluoxetine to adult rats either decreases or has no effect on anxiety (Silva and Brandão 2000; Oh et al. 2009 ; but see Homberg et al. 2011) . Adolescent exposure to fluoxetine appears to have mixed effects on anxiety-like behavior, with the time interval between testing and drug administration being a critical determining factor. If testing occurs during drug administration or after a very short washout interval, then fluoxetine increases anxiety-like behavior (Oh et al. 2009; Iñiguez et al. 2010) ; however, when testing occurs after a prolonged washout interval, then anxiety-like behavior is either not altered or decreases (Norcross et al. 2008; Oh et al. 2009; Vorhees et al. 2011 ; but see Iñiguez et al. 2010; Homberg et al. 2011) . In the present study, we also found that fluoxetine reduced time spent in the open arms of the elevated plus maze (i.e., it enhanced anxiety-like behavior) after a 24-h washout. However, because fluoxetine (20 mg/kg) also decreased the number of entries into the closed arms (a measure of general activity), it is possible that the decreased time spent in the open arms was partially due to a drug-induced decrease in activity. Less is known about how chronic paroxetine affects anxiety-like behaviors, but it appears that repeated treatment during adolescence reduces time in the open arms of the elevated plus maze when measured after a prolonged washout period (de Jong et al. 2006 ; but see Vorhees et al. 2011) . Handling effects could also have contributed to the increased anxiety we found after fluoxetine and paroxetine treatment, because in our first experiment, we used the same rats for both the sucrose preference and elevated plus maze and the rats were given their last drug injection 24 h before behavioral testing began. Thus, it is possible that the stress of our testing procedures increased anxiety-like behavior (i.e., decreased time in the open arms), however, this effect could not solely account for the differences between our control and drug-treated rats.
Similar to results gained using the elevated plus maze, repeated paroxetine (5 mg/kg) and fluoxetine (10 and 20 mg/kg) treatment increased the anxiety-like behavior of adolescent rats when measured using the light/dark box (i.e., rats spent less time in the light compartment). Consistent with this finding, Majidi-Zolbanin et al. (2013) reported that male mice treated with fluoxetine from PD 35-PD 65 spent less time in the light compartment than vehicle-treated mice. To our knowledge, no previous studies have assessed the effects of repeated paroxetine treatment on the performance of adolescent rats in the light/dark box, but it appears that like fluoxetine, repeated paroxetine treatment decreases time spent in the light compartment. In general, results gained using adult rodents are less consistent, because acute fluoxetine treatment has been reported to increase (de Angelis 1996), decrease (Birkett et al. 2011; Arrant et al. 2013) , or have no effect on time spent in the light compartment (Emmanouil et al. 2006) . Repeated treatment with fluoxetine also produced varied outcomes in adult rodents depending on the length of drug exposure. Specifically, subchronic (under 20 days) exposure to fluoxetine has no effect on time spent in the light compartment (Ihne et al. 2012; Lesemann et al. 2012 ), while chronic (over 20 days) exposure has been reported to both increase (Ihne et al. 2012 ) and decrease time spent in the light compartment of the light/dark box (Vicente and Zangrossi 2014) . Curiously, acute and chronic (e.g., 28 days) treatment with paroxetine decreases anxiety-like behavior in adult rodents (Hascoët et al. 2000; Sillaber et al. 2008) . Age-dependent differences in the action of paroxetine are of potential importance because SSRI-induced increases in anxiety-like behavior raise the risk of suicidal behavior in adolescent humans (Hawgood and De Leo 2008; Sareen 2011) .
Interestingly, unlike our previous measures of anxiety, startle magnitude and habituation were differentially modulated by paroxetine and fluoxetine treatment. Specifically, repeated treatment with paroxetine (2.5 mg/kg), but not fluoxetine, increased startle magnitude in male and female rats. Moreover, this dose of paroxetine also decreased the rate of habituation in female rats. Curiously, however, male rats did not show this decrease in habituation rates and actually had greater habituation after a high dose of paroxetine (10 mg/kg). Although there is not a large literature assessing the effects of SSRI on acoustic startle, adult rats treated repeatedly with SSRIs from two to three weeks generally show a decrease in acoustic startle (Fujiwara et al. 2011; Homberg et al. 2011; Miles et al. 2011) . In contrast, repeated (e.g., 20 days) fluoxetine treatment has been reported to either increase (Vorhees et al. 2011) or have no effect on the startle magnitude of adolescent rats (Homberg et al. 2011; present study) . Repeatedly administering paroxetine during adolescence has also been reported to either increase startle magnitude (Vorhees et al. 2011) or have no effect (de Jong et al. 2006) . Interestingly, Vorhees et al. (2011) found that paroxetine had a greater effect on acoustic startle than fluoxetine. This pattern of results is consistent with our findings, and suggests that paroxetine may have a more robust effect on acoustic startle than fluoxetine. Given that an exaggerated startle response is positively correlated with anxiety-like behaviors in both animals and humans (Frankland et al. 1997; Davis 1998; McMillan et al. 2012) and is a core symptom in PTSD (Grillon et al. 1996) , the ability of paroxetine to augment startle is consistent with its lack of efficacy in adolescent humans.
Both SSRIs affected the body weights of adolescent rats. Repeated fluoxetine treatment reduced body weight gain, relative to vehicle controls, in both males and females. This decrease in body weight is consistent with past studies showing that fluoxetine reduces body weights of adult and adolescent rodents as well as humans (Mitchell et al. 2003; McNamara et al. 2010; Serretti and Mandelli 2010; Vorhees et al. 2011; Guirado et al. 2012) . Repeated treatment with paroxetine (10 mg/kg) attenuated daily weight gain in adolescent male rats but not female rats. The reason for this sex difference is uncertain, but it may be a consequence of drug pharmacokinetics. Other researchers have also reported that short-term (5-15 days) paroxetine treatment decreases the body weight of rodents (Chen et al. 2004; de Jong et al. 2006) ; however, human data indicates that chronic paroxetine treatment (26 to 32 weeks) leads to an increase in body weight (Fava et al. 2000; Kim et al. 2006; Nelson et al. 2006) .
In adult rodents, repeated exposure to SSRIs decreases serotonin turnover in the hippocampus and prefrontal cortex (Baldessarini et al. 1992; Frankfurt et al. 1994; Harkin et al. 2003; Thompson et al. 2004; Miura et al. 2007; Durkin et al. 2008 ). This action is believed to be a consequence of SSRIs inhibiting serotonin reuptake and metabolism (Baldessarini et al. 1992; Frankfurt et al. 1994; Leonardi and Azmitia 1994; Harkin et al. 2003; Thompson et al. 2004 ). Interestingly, we found that fluoxetine, but not paroxetine, decreased serotonin turnover in both the hippocampus and prefrontal cortex of adolescent rats. Because decreased serotonin turnover is positively correlated with the ability to reduce depressive-and anxiety-like behaviors (Thompson et al. 2004; Shishkina et al. 2012) , this result may explain paroxetine's lack of clinical efficacy. In addition, we found that both paroxetine (10 mg/kg) and fluoxetine reduced serotonin levels in the prefrontal cortex, while only paroxetine decreased serotonin content in the hippocampus. Repeated SSRI treatment has occasionally been shown to reduce serotonin content in various brain regions of adult rodents (Caccia et al. 1992; Trouvin et al. 1993; Thompson et al. 2004) , although nonsignificant effects are more typically reported (Harkin et al. 2003; Durkin et al. 2008; Karanges et al. 2011; Shishkina et al. 2012) . SSRI-induced reductions in serotonin content are usually observed after extended drug exposure (i.e., 3 or more weeks) or when high doses of SSRI are administered. In the present study, brain serotonin levels declined after administering moderate doses (i.e., 10 mg/kg once a day) of fluoxetine and paroxetine for a relatively short 10-day period, thus suggesting that juvenile rats may be more sensitive to the serotonin-depleting effects of SSRI treatment. If similar changes in sensitivity occur in humans, the efficacy of SSRIs during adolescence could be reduced.
Conclusion
In summary, repeated treatment with fluoxetine and paroxetine produces different behavioral and neurochemical responses in adolescent rats. Specifically, both paroxetine and fluoxetine exposure increased anxiety-like behaviors on the elevated plus maze and light/dark box, but only paroxetine altered acoustic startle. Also, paroxetine had no effect on serotonin turnover, while fluoxetine produced an adult-like decline in turnover. This pattern of results shows that short-term exposure to paroxetine and fluoxetine produces idiosyncratic effects that may be responsible for the observed differences in clinical efficacy. These effects may be dependent on the length of drug exposure; therefore, additional studies using longer (>3 weeks) exposure periods are warranted. It will also be important to investigate the effects of adolescent SSRI exposure using a validated animal model of depression (e.g., maternal separation or chronic mild stress).
